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↑ What is "already known" in this topic: {#box1}
========================================

Studies have demonstrated that preterm children have difficulty in language acquisition and these impairments may not be recovered during normal development.

→ What this article adds: {#box2}
=========================

Preterm children, regardless of their gestational age, are at risk of morphosyntax impairments.

Introduction {#s1}
============

Based on the World Health Organization definition (WHO), preterm is a baby born alive before 37 weeks of pregnancy are completed ([@R1]). According to guidelines of WHO, subdivisions of preterm birth include very preterm (births before 32 weeks of gestation), moderate preterm (births at 32 and 33 weeks of gestation), and late preterm (birth between 34 and 36 weeks of gestation) ([@R2]). Recent studies have revealed that every year an estimated 15 million babies are born preterm ([@R3]). The prevalence of preterm birth in Iran and Tehran is 9.2% and 30.4%, respectively ([@R4], [@R5]). There is strong evidence for neuropsychologic differences in the brain maturation of preterm children, as the central nervous sy stem in these children is immature and has not developed normally ([@R6]). Also, preterm children have decreased cerebral volumes and smaller cortical surface area ([@R7]-[@R10]). Meta-analysis and review articles have documented that preterm children may face language development delays from the first year of life into adulthood ([@R11]-[@R13]).

Many studies have demonstrated that preterm children have difficulties in lexicon acquisition, word use, verb acquisition, syntax and morphology, reading, writing, spelling, and phonological processing ([@R14]-[@R16]). A longitudinal study on the development of lexicon and grammar in preterm children indicated that their problems would not be resolved by passing the time until adulthood ([@R17]). However, there is contradictory evidence regarding the language difficulties of preterm children ([@R11], [@R18]). This may be because language functions were examined in the early years of development in most studies, while advanced forms of language, including morphology and syntax, emerge after the age of 3 ([@R19]). Considering the fact that even the mildest language impairment in childhood may affect the quality of communication and education achievement, early detection and intervention appear to be vital ([@R20], [@R21]). Furthermore, the prevalence of preterm birth is relatively high in Iran, and there are no studies on grammatical development in Persian-speaking preterm children living in Iran. As a result, the main purpose of this study was to examine the morphosyntactic development in Persian-speaking preterm children aged 4-5 years as assessed by the Persian Developmental Sentence Score tool (PDSS), adapted by Jalilevand et al ([@R22]).

Methods {#s2}
=======

A total of 86 Persian-speaking children aged 4-5 years participated in this cross sectional and comparative study in 2017. The sample included 43 healthy preterm children who were born before 37 weeks of gestation and 43 matched control group born full-term. The preterm children were a convenience sample recruited from a population of children discharged from the Neonatal Intensive Care Unit (NICU) at Firoozgar hospital in Tehran, Iran. The healthy control group, who were recruited from local kindergartens in Tehran, Iran were individually matched for age and gender with preterm children.

To exclude all children with developmental delays from this investigation, the parents were asked to complete the Age and Stage Questionnaire (ASQ-II). The questionnaire examines children\'s skills in communication, fine and gross motor, personal and social skills, and problem-solving. Total ASQ scores of children were compared to the cutoff score of this questionnaire (4 years: 42.5/ 38.1/ 32.4/ 31.4/ 39.6 -5 years: 45.7/ 43.1/ 29.5/ 35.1/ 42.9). Thus, children with scores below the normal range were excluded from this study ([@R23]). The preterm children could participate in the study if they met 3 criteria: (a) their ASQ scores were within the normal range; (b) gestational age \<37 weeks; (c) and no indication of major cerebral damage, congenital malformations, and visual and/or auditory impairment. The criteria to select the full-term children were (a) ASQ scores within the normal range, (b) gestational age ≥ 37 weeks, (c) and no illnesses affecting the central nervous system, such as visual and/or auditory impairment or symptoms of movement delay. Bilingual or multilingual children were excluded in both groups.

Background information and family history (gender, date of birth, general health, level of education of parents) were obtained during parents\' interview. To evaluate the descriptive speech, 30 colorful pictures (20×25 cm), representing daily family activities with the mother, father, and children at home, a birthday party, a park, a doctor's office, and the beach were used. Language sampling was conducted in a room with minimum noise and adequate light at a speech therapy clinic. Language samples of 15-25-minute conversations between children and the examiner were recorded using a digital voice recorder (SONY-PX240). The language samples, which included 100 utterances, were orthographically transcribed based on the transcription conventions (Persian Transcription Convention Protocol: PTCP) considering the utterance ([@R24]).

The number of utterances was calculated based on the following rule: A pause longer than 2 seconds or a terminal intonation rising are considered as a symbol of termination of an utterance. The Persian Developmental Sentence Scoring (PDSS) is a numerical measurement assessing the morphosyntactic abilities in 2.5- to 5.5-year-old children (validity: 0.97, reliability: 0.86) ([@R22]).

This tool was developed based on the Persian morphosyntactic developmental hierarchy, including 8 grammatical categories: pronouns, question words, prepositions and conjunctions, verb morphology, modal and compound verbs, and grammatical morphemes, sentence types, and sentence structures. Each utterance in the speech samples was checked for the grammatical items listed in the PDSS table and, then, the sum of the scores of the 100 utterances was divided by 100 to determine the PDSS scores in this study ([@R22]).

Statistical analysis was performed using SPSS-22, and significance level was set at 0.05. The mean and standard deviation were calculated for each participant for age, gestational age (GA), and PDSS. Kolmogorov-Smirnov test was conducted, indicating that the data were normally distributed and, therefore, parametric testing was done. Mann-Whitney U test was run for variables not normally distributed, including question words, sentence type, and communication part of the ASQ-II in the preterm group, and sentence type and communication part of the ASQ-II in the full-term group. One-way ANOVA was conducted to compare the effect of gestational age levels as an independent variable and the total score of PDSS as a dependent variable. Preterm children were divided into 3 gestational age levels: very preterm (births before 32 weeks of gestation), moderate preterm (births at 32 and 33 weeks of gestation), and late preterm (birth between 34 and 36 weeks of gestation). Independent-sample t test was performed to examine the correlation between the total score of the PDSS with gender.

Results {#s3}
=======

Descriptive information on the demographic features and PDSS scores of preterm children relative to full-term children is presented in [Table 1](#T1){ref-type="table"}. The first aim of this survey was to investigate whether the preterm children showed delays in morphosyntax ability. Comparing the total scores of PDSS in preterm and full-term children with all grammatical subcategories, it was revealed that the preterm children had significantly lower scores than full-term children. Secondly, the effect of gestational age on the total PDSS scores was analyzed using the ANOVA test, indicating that there was no significant relationship between gestational age on the total PDSS scores (F=0.989, p=0.381). Thirdly, the correlations between genders on the total score of PDSS was determined. The results indicated no significant difference between girls and boys in the total score of PDSS (p\>0.05) ([Tables 1](#T1){ref-type="table"} & [2](#T2){ref-type="table"}).

###### Demographic features of participants and PDSS scores

  ----------------- ------- ------------ ----------------- ---------------- ----------------- ----------
                                                           PDSS                               
                            PT (N=43),   FT (N=43)         PT (M,SD)        FT (M,SD)         P
  Gender                                                                                      
  Girl              46.5%   N=20         N= 20             (9.24, 0.03)     (13.31, 0.44)     \<0.0001
  Boy               53.5%   N=23         N= 23             (9.21, 0.03)     (12.86, 0.44)     \<0.0001
  Age (year)                                                                                  
  4                 50%     N=21         N=22              (9.00, 0.891)    (12.499, 1.431)   \<0.0001
  5                 50%     N=22         N=21              (9.451, 1.038)   (13.672, 1.704)   \<0.0001
  GA group (week)                                                                             
  FT (\>36)         N=43    50%          (13.072, 1.661)   (9.231, 0.984)   \< 0.0001         
  PT (\<37)         N=43    50%                                                               
  LPT (34-36)               N=4,         9.3%              (9.51, 0.88)     0.381             
  MPT (32-33)               N=14,        32.6%             (9.47, 1.06)                       
  VPT (\<32)                N=25,        58.1%             (9.05, 0.951)                      
  ----------------- ------- ------------ ----------------- ---------------- ----------------- ----------

Late Preterm (LPT), Moderate Preterm (MPT), Very Preterm (VPT), Gestational Age (GA), Preterm (PT), Full-term (FT)

###### Comparisons of grammatical subcategories scores for Full-term and Preterm groups

  ------------------------------ ------------------ ----------------
  Grammatical subcategories      Full-term (M-SD)   Preterm (M-SD)

  Pronouns\                      (1.33-0.35)\       (0.78-0.15)\
  Question words\                (0.05-0.04)\       (0.01-0.01)\
  Prepositions & conjunctions\   (1.71-0.27)\       (1.15-0.37)\
  Verb morphology\               (1.77-0.20)\       (1.42-0.18)\
  Modal & compound verbs\        (1.01-0.49)\       (0.36-0.08)\
  Grammatical morphemes\         (3.75-0.48)\       (2.29-0.52)\
  Sentence types\                (1.13-0.19)\       (1-0.01)\
  Sentence structures            (1.28-0.22)        (1.09-0.05)
  ------------------------------ ------------------ ----------------

The stability of morphosyntactic impairments at ages 4 to 5 was examined, showing that these impairments were not resolved during development. The mean development total score of PDSS was 1.18 in full-term children and 0.45 in preterm children ([Fig. 1](#F1){ref-type="fig"}).
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Discussion {#s4}
==========

The main purpose of this study was to examine morphosyntactic performance in 4-5-year-old preterm children born in Iran. According to the results, the Persian-speaking preterm children were outperformed by the control group on all of the Persian DSS (PDSS) subscores as well as the total score. However, there are some studies with the opposite results ([@R25]-[@R28]). These contradictory results might be due to language abilities being assessed in early years of development in most studies, while morpholosyntax abilities, as an advanced form of language, emerge after the age of 3 ([@R19]). Our findings are consistent with numerous surveys supporting the negative effect of early birth on language development, specifically grammatical development ([@R29]-[@R38]). One possible reason for these problems could be found in the neural and functional plasticity of the brain. The presence of language impairments, particularly complex language functions, could be an indication for limitation of the plasticity of the developing brain born early and immature ([@R13]). Furthermore, based on the Schafer et al findings, the left frontal and bilateral temporal white matter volumes are considerably decreased in preterm children and neural pathways develop differently in these children. In addition, cortex development and establishment of neuronal connections mainly occur after 25 weeks of gestation ([@R6], [@R39]). These differences may illustrate possible reasons for morphosyntactic difficulties in healthy preterms.

Two samples of preterm and full-term participants are as follow:

A 5-year-old preterm boy: /in mâšine/ = This is a car.

A 5-year-old full-term boy: /bâbâ dâre bâ âčâr mâšinešo dorost mikone ke bere sare kâr/ = The father is fixing his car by a wrench to be able to go to work.

As illustrated in this example, the preterm boy predominantly produced a shorter and less complicated utterance (one-verb sentence); however, the full-term boy produced more embedded clauses (two-verb sentence) at the age of 5.

Moreover, the relationship between the gestational age and the total score was examined, indicating no significant correlation between these 2 variables. Inconsistent with this finding, other surveys found a positive relationship between GA and language performance. Putnick et al suggested that very preterm children had poorer language performance than term-born and moderate-preterm children ([@R37]). Kern et al concluded that if the extremely preterm group were excluded from all preterm children, preterm children do not fundamentally differ from full-terms in their measures ([@R40]). One possible explanation is the focus on very preterm and moderate preterm groups and ignoring the late preterm children in many surveys. Cortex volume of a late preterm infant is 53% of that of a full-term infant, which means the last 6 weeks of gestation is very important for maturity of the brain ([@R41]-[@R43]), so the contradictory results of this study may be due to comparing 3 groups of preterm children. However, these results indicated that all preterm children, regardless of their gestational age, should be evaluated by a speech-language pathologist specialized in developmental language impairments.

The effect of gender on the morphosyntactic abilities of the participants was also analyzed. Although the PDSS total scores of girls were higher than boys in both groups of preterm and full-term children, this difference was not significant. However, girls were reported to have more advanced language abilities than boys in only 1 study ([@R26]).

An interesting by-product of our results was that there was no positive grammatical developmentin preterm children, while full-term children develop these skills increasingly from 4 to 5 years. Language impairment stability, also proposed by some studies, especially in very preterm children, is probably the result of general cognitive difficulties ([@R37], [@R42], [@R44]). Some studies have indicated that preterm children, similar to full-term children, demonstrate a general increase in language development ([@R11], [@R18], [@R19], [@R28]). However, the rate of development is slower in preterm children because of their limited brain plasticity. It appears that our findings have important theoretical and clinical implications and provide some new insights into the characteristics of morphosyntax development in preterm children. Therefore, it can be concluded that early detection and intervention of morphosyntactic difficulty in preterm children is vital since they are not likely to be recovered during development.

This study had some limitations. First, only those preterm children whose parents accepted to take part in the study were selected, and these parents might have had some prior concerns about their children's language development. Second, this study was conducted only in 1 hospital in Tehran, Iran. Thus, the generalizability of the results was limited to preterm and term children born under similar conditions, which may present some selection bias.

Conclusion {#s5}
==========

In summary, this study suggested that morphosyntax performance was significantly lower in healthy preterms than in their full-term peers. Also, it was shown that all preterm children, regardless of their gestational age, should be assessed by a speech-language pathologist specialized in developmental language impairments and receive appropriate treatment for their morphosyntax deficits. In addition, it was found that the development of morphosyntax skill becomes stable in preterm children at ages 4 to 5.
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